Human squamous epithelial cells produce lower amounts of laminin and fibronectin when cultured on DEAE-dextran than when cultured on gelatin-coated polystyrene (Biotechnol. Bioeng., 33:1235). The epithelial cells also spread much more slowly on DEAE-dextran than they do on gelatincoated polystyrene. To determine if the low level of matrix production by cells grown on DEAE-dextran contributed to the slowness of cell spreading on this substrate, microcarriers made from DEAE-dextran were treated with exogenous laminin (10 &cm2 of surface area) and then examined for ability to support cell adhesion. Squamous epithelial cells spread as rapidly on the laminin-treated DEAE-dextran as they did on gelatin-coated polystyrene (much more rapidly than on untreated DEAE-dextran). This indicates 1) that laminin can bind to DEAE-dextran in a fashion that is biologically usable by anchorage-dependent cells, and 2) that when laminin is bound to DEAEdextran, the failure of squamous epithelial cells to rapidly spread is overcome. These data support the hypothesis that failure of the cells to synthesize an intact extracellular matrix on DEAE-dextran is responsible, at least in part, for the slowness with which cells spread on this substrate. 0 1995
INTRODUCTION
Microcarriers are increasingly being utilized for the large-scale cultivation of anchorage-dependent cells. Although several different materials have proven useful as microcarrier substrates,'" the material originally used as a microcarrier-i.e., DEAE-dextranlis still the most widely utilized in industrial operations. Cells rapidly attach to the positively charged DEAE groups on the crosslinked dextran. However, spreading on this surface occurs more slowly than on other surfaces which are used in microcarrier f~r m .~,~ The reason for this is unknown. However, we showed in a recent study that synthesis and secretion of laminin and fibronectin were lower when human fibroblasts and epithelial cells were cultured on DEAE-dextran microcarriers than when the same cells were grown on several other substratesS8 Subsequently, we showed that matrix production was retarded on other cationic substrates as well' and similar observations were made by other investigators." Like DEAE-dextran, the other cationic substrates that *To whom correspondence should be addressed.
did not support matrix production also failed to support rapid cell spreading.' Since both laminin and fibronectin are potent cell adhesion we speculated that the failure to produce an intact matrix may underlie, at least in part, the abnormal adhesive characteristics seen on substrates such as DEAEdextran. In order to test this possibility directly, we have in the present study prepared laminin-coated DEAE-dextran microcarriers and compared cell attachment and spreading on this substrate with results obtained on untreated DEAE-dextran.
MATERIALS AND METHODS

Cells
A human squamous epithelial cell line, designated as UM-SCC-1, was used in these studies. The UM-SCC-1 cells were derived originally from a tumor in the floor of the mouth. The cells were provided to us as a gift by Dr. Thomas E. Carey (Department of Oto- In the present study, the cells were grown at 37°C and 5% CO,. Growth medium was Minimal Essential Medium of Eagle with Earle's salts (MEM) supplemented with 10% fetal bovine serum, nonessential amino acids, 100 U/mL penicillin and 100 pg/mL streptomycin. The cells were subcultured by trypsinization as required.
Preparation of Iaminin-treated DEAE-dextran
Microcarriers made from DEAE-dextran (Cytodex I, Pharmacia, Piscataway, NJ) and gelatin-coated polystyrene (Solohill Labs, Ann Arbor, MI) were used as substrates in this study. Laminin was obtained from Collaborative Research (Boston, MA). To obtain laminin bound to the DEAE-dextran substrate, the DEAE-dextran microcarriers were first hydrated as recommended by the manufacturer. We then added the laminin to the microcarrier beads at a final concentration of 10 pg/cm2 in phosphate-buffered saline (PBS). The laminin and substrate were incubated at 4°C for 2 days with gentle mixing. The microcarriers were then washed two times to remove nonbound laminin and were ready to use. DEAE-dextran microcarriers not exposed to laminin were treated in an identical way for use as a control. The gelatin- 
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coated polystyrene microcarriers were prepared according to their manufacturer's recommendation.
Measurement of adhesion Cells were harvested from monolayer culture and examined for attachment and spreading on gelatincoated polystyrene microcarriers and on untreated and laminin-treated DEAE-dextran microcarriers. Cells were added to the substrates in MEM containing 10% fetal bovine serum. The assays were carried out in 35-mm (diameter) bacteriological dishes that had been pretreated for 2 h with a 10 mg/mL solution of bovine serum albumin in PBS (2 mL/dish) to prevent cell attachment to the plastic dish. Enough substrate was added to each dish to provide approximately 30 cm2 of surface area. Cells were added at a concentration of 5 x lo5 cells/dish. The cells and microcarriers were mixed by gently swirling the dishes at 15 min intervals over the first hour and at half hour intervals over the next three hours. Cell attachment and spreading were measured at various times in the following manner: First, glutaraldehyde was added to the dishes to bring the final concentration to 2%. The microcarriers with attached cells were then removed from the dish and examined under phasecontrast microscopy to determine the number of cells on the beads and the percentage of bound cells that were spread. In addition, samples from the various dishes were processed for scanning electron microscopy (SEM) and examined using an IS1 Super 3A scanning electron microscope. The exact methods for processing and examining the specimens have been described p r e v i~u s l y .~ 
RESULTS
Attachment and spreading of UM-SCC-1 cells on untreated and laminin-treated DEAE-dextran
Experiments were carried out in the present study to determine if laminin bound to DEAE-dextran microcarriers would support cell attachment and spreading as it does when bound to other materials such as polystyrene. DEAE-dextran microcarriers were treated with laminin (10 pg/cm2 of surface area) as described in the Materials and Methods section. The laminin-treated DEAE-dextran microcarriers were then compared to untreated DEAE-dextran microcarriers and gelatin-coated polystyrene microcarriers for ability to support attachment and spreading of UM-SCC-1 cells. Cells attached rapidly to untreated DEAE-dextran but, as expected, spreading was slow on this substrate relative to the rate of spreading on gelatin coated polystyrene. In contrast, UM-SCC-1 cells attached and spread rapidly on laminin-treated DEAE-dextran. Quantitative data from this experiment are shown in Figure 1 . Figure 2 shows scanning electron micrographs of UM-SCC-1 cells on the same three substrates 2 h after plating. The differences between cells on untreated and laminin-treated DEAE-dextran are readily apparent. Interestingly, it can be seen from this figure that although the cells rapidly spread on laminin-coated DEAE-dextran, the appearance of the spread cells is different from the appearance of the same cells attacnment to untreated UkAb-dextran (B) but do after attachment to laminin-coated DEAE-dextran (C). Photographs for both (B) and (C) were obtained 2 h after addition of cells to the substrate. Although UM-SCC-1 cells do not rapidly spread on untreated DEAE-dextran, they do so after longer time periods (D). This photograph was obtained 18 h after plating of the cells. (Magnification: (A) X2300, (B) x2800, (C) x2200, and (D) x1800.) spread on gelatin-coated polystyrene. The appearance of cells on laminin-treated DEAE-dextran 2 h after plating resembles the appearance of cells on untreated DEAE-dextran after longer periods of time (18 h). Thus, the addition of exogenous laminin to DEAE-dextran increases the rate of spreading on this substrate.
DISCUSSION
Recent studies have shown that production of extracellular matrix molecules can be significantly retarded when the cells are grown on charged surfaces.%'' It was found, for example, that human diploid fibroblasts and human squamous epithelial cells produced smaller amounts of laminin (8590% reduction) and fibronectin (3%50% reduction) when they were grown on DEAE-dextran microcarriers than when the same cells were grown on a number of different substrates.8 We have speculated that the failure to produce an intact matrix could account for the slowness with which cells spread on DEAEdextran. To obtain direct evidence for this, we prepared DEAE-dextran microcarriers coated with laminin from an exogenous source and then examined the interaction of human squamous epithelial cells with this modified substrate. The data from these experiments demonstrated 1) that laminin could be bound to DEAE-dextran in a biologically usable form, and 2) that when DEAE-dextran was treated with exogenous laminin, the cells attached and spread as readily on this substrate as they did on gelatin-coated polystyrene.
Taken together, these observations suggest that failure of cells to produce an extracellular matrix on substrates such as DEAE-dextran does, in fact, underlie the retardation of spreading that is observed on these substrates. From a practical standpoint, the data suggest that it might be possible to overcome this property of charged substrates by "building" a relevant matrix component into the charged surface. While intact matrix molecules such as laminin and fibronectin are not likely to be the factors of choice for a number of reasons, synthetic peptides are available which maintain the adhesion-promoting properties of their parent molecules.'5 Such peptides might be useful not only for providing the impetus for rapid cell attachment and spreading, but might also provide a measure of specificity.
A final question relates to the possible mechanisms accounting for retardation of matrix synthesis on charged surfaces. While we do not have a definitive answer to this question, it has been shown in the past that the same substrates which do not support matrix production promote a high level of proteolytic enzyme (plasminogen activator) secretion. l6,I7 These enzymes are potent matrix degraders and it seems reasonable to suggest that the low level of matrix production might reflect enhanced degradation. Additional studies will be needed to definitively show what role enhanced proteolysis plays in this process. Regardless of mechanism, it is apparent that matrix production by anchorage-dependent cells is significantly influenced by the substrate on which the cells are cultured. Our knowledge of the molecular events that underlie this phenomenon will help us design substrates that are optimal for in vitro cell growth.
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